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P = 0.464). However, coadministration of vancomycin had higher rates of nephrotoxicity (26 out of 173 with colistin alone [14.2%] had abnormal RIFLE compared to 3 out of 7 [42%] who received colistin and vancomycin P = 0.039). There was no difference between 6 and 9 MU/day dosing pattern (with 3/34 [8.8%] in 6 MU group and 27/195 [13. 8%] in 9 MU/day group developing nephrotoxicity P = 0.058). The 6 million and 9 million groups were comparable in term of ICU stay (88.2%, 80.5%, P = 0.345), APACHE score (19.83 ± 5.4, 19.9 ± 6.3, P = 0.942), and Charlson scores (4.2 ± 3, 4.6 ± 2.7, P = 0.516). In patients with abnormal RIFLE (n = 30) developed on colistin therapy, but normal baseline creatinine to start with; the mean number of days taken for the first abnormal RIFLE value was 9 (9 ± 6, median 8 [5] [6] [7] [8] [9] [10] [11] [12] ) and in those with abnormal baseline creatinine to start with, mean duration was 7 days (7 ± 10, median 3 [2] [3] [4] ), revealing earlier nephrotoxicity in those patients with abnormal baseline creatinine (but not statistically significant P = 0.057). Mean number of days taken for the abnormal RIFLE to normalize from peak value was 14.7 (± 12.2), median 11 in the abnormal baseline group and 9.4 (± 7.5, median 7 [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] ) in the normal baseline group, denoting numerically longer time for creatinine normalization from peak creatinine value, in the abnormal baseline group compared to normal baseline group (but not statistically significant P = 0.412). Mortality was significantly higher in the abnormal RIFLE group, compared to patients with normal renal function (63.3%, 25.5%, P = 0.0001).
dIScuSSIon
Colistin is the most reliable and most frequently used antibiotic to treat CRGNB infections. Increasing rates of these infections and the familiarity and confidence in using colistin, a drug otherwise known to be nephrotoxic, have indeed made this molecule a day to day option in health-care institutions across the world, especially in countries like India with a high prevalence of CRGNB infections. [2] Renewed interest and research on this old molecule have led to better understanding on the pharmacokinetics-pharmacodynamic and optimal dosing. Rates of nephrotoxicity vary widely among studies, with values of <10% to high rates of 60%. [5] [6] [7] [8] [9] [10] [11] Such a wide variation could be due to variability in the criteria used to define nephrotoxicity and various dosing regimens of colistin used. [6] Compared to older studies, the more recent ones report lower rates of nephrotoxicity. This could be due to the availability of more purified forms of colistin and clinicians handling this molecule in a better way with proper renal dose adjustment, avoiding concurrent nephrotoxic drugs and the overall improvement in intensive care management. [5, 6] The largest published single-center cohort study to date on colistin nephrotoxicity, by Falagas et al. that retrospectively investigated 258 patients with microbiologically documented infection reported 10% nephrotoxicity. [6] Limited data are available on the rate of colistin nephrotoxicity in Indian population. A recent publication from Mumbai Desai et al. [4] vancomycin, cyclophosphamide, methotrexate, cisplatin, nonsteroidal anti-inflammatory medications, diuretics, and intravenous contrast), and dose and duration of colistin were collected. Creatinine values before initiation of colistin, during, and at the end of treatment were tracked. Nephrotoxicity was assessed using risk, injury, failure, loss, and end-stage kidney disease (RIFLE) criteria [ Table 1 ]. Statistical analysis was performed using SPSS 16.0. All P < 0.05 was considered as statistically significant.
reSultS
Details of 250 patients were analyzed. Twenty-one patients out of the 250 had a preexisting renal failure, so were excluded from the study. Out of the 229 patients who satisfied the study criteria, 79 (34.5%) were treated for bacteremia, pneumonia (42%), urinary tract infection (7.4%), soft tissue infection (7.9%), central nervous system infection (1%), and other entities (8%). The patients' demographic and clinical characteristics are listed in Table 2 .
Out of 229 patients, 13.1% (30/229) developed abnormal RIFLE during colistin therapy. Out of the 30 patients, 15 developed risk (R), 5 -injury (I), and 10 -failure (F). None of the patients developed loss of function (L) or end-stage disease. Abnormal RIFLE group (n = 30), in comparison to the normal renal function group (n = 199), had higher number of patients in ICU (96% vs. 79%, P = 0.02), higher Acute Physiology and Chronic Health Evaluation (APACHE II ) score (23 vs. 19, P = 0.0001), Charlson score (5.9 vs. 4.3, P = 0.001), mechanical ventilation (90% vs. 67%, P = 0.016), 28 days mortality (63% vs. 25%, P = 0.0001), and abnormal baseline creatinine (36% vs. 8%, P = 0.001). Other baseline parameters were similar in both groups, including daily colistin dose (8.7 vs. 8.5 MU/day, P = 0.42), duration (9.1 days vs. 9.3 days, P = 0.47), and cumulative colistin dose (79 vs. 78, P = 0.58). There was no statistically significant difference in the rate of coadministration of lipo-amphotericin B, aminoglycosides, inotropes, and intravenous contrast between the two groups. There was no statistically significant difference in nephrotoxicity between patients who received colistin alone or with one other nephrotoxic agent (26 out of 183 [14.2%] in the colistin alone group and 4 out of 46 [8.7%] in the colistin plus other nephrotoxic agent group had abnormal RIFLE, [3] We could track only two other publications from India, and both were on polymyxin B nephrotoxicity; (18.7%) by Nandha et al. 2013 and (4%) by Ramasubban et al. 2008 . [12, 13] To the best of our knowledge, the current paper represents the largest Indian and the second largest global data on the rate of nephrotoxicity in patients receiving colistin. The nephrotoxicity rate in our study of 229 patients on colistin therapy was 13.1%. Patients with renal impairment belonged to the category of risk, injury or failure and none developed loss of function or end stage renal disease. Patients in the abnormal RIFLE group had significantly higher number of patients with abnormal baseline creatinine (36.7%) to start with compared to normal RIFLE group (8%) (P = 0.001). This finding is in tune with other studies where the incidence of nephrotoxicity was 2.5-7-fold higher in patients with baseline renal dysfunction. [5] [6] [7] In patients who developed abnormal RIFLE on colistin therapy; mean number of days taken for the development of the first abnormal RIFLE value was 7 in patients with abnormal baseline to start with, in contrast to 9 days in patients with normal baseline creatinine; revealing earlier nephrotoxicity in those patients with abnormal baseline creatinine (but not statistically significant P = 0.057). The time taken for the abnormal RIFLE to normalize from the peak creatinine value was also numerically longer in abnormal baseline group (mean 14.7 compared to 11 in the normal baseline group, P = 0.412). Abnormal RIFLE group, in comparison to the normal renal function group, had higher number of patients in Intensive care, on mechanical ventilation, higher APACHE II score, Charlson score and 28 days mortality. Other baseline parameters were similar in both groups, including daily colistin dose (8.7 vs. 8.5 MU/day, P = 0.42), duration (9.1 days vs. 9.3 days, P = 0.47), and cumulative colistin dose. The nephrotoxicity rate of 13.1% may not necessarily be due to colistin alone but contributed by other factors. The exact contribution of colistin toward the nephrotoxicity can be ascertained only if we have a comparable control group who did not receive colistin.
In the present study, there was no statistically significant difference in the rate of nephrotoxicity between patients who received colistin and those who received one of the other nephrotoxic agents such as lipo-amphotericin B, aminoglycosides, inotropes or intravenous contrast as well. However, coadministration of colistin with vancomycin resulted in higher rate of nephrotoxicity (P = 0.039).
concluSIon
Nephrotoxicity rate in our large single-center retrospective series of patients was 13.1%. Patients with abnormal baseline creatinine, ICU stay and higher disease severity are at higher risk of nephrotoxicity while on colistin. Daily dose of 9 million does not significantly increase nephrotoxicity compared to the 6 million dosing pattern. Concomitant administration of vancomycin with colistin increases the risk of nephrotoxicity.
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